Abstract: The purpose of the present study was to evaluate, using a biomechanical test, the force needed to remove implants with surface modification by laser (Nd:YAG) in comparison with implants with machined surfaces. Twenty-four rabbits received one implant with each surface treatment in the tibia, machined surface (MS) and laser-modified surface (LMS). After 4, 8 and 12 weeks of healing, the removal torque was measured by a torque gauge. The surfaces studied were analyzed according to their topography, chemical composition and roughness. The average removal torque in each period was 23.28, 24.0 and 33.85 Ncm for MS, and 33.0, 39.87 and 54.57 Ncm for LMS, respectively. The difference between the surfaces in all periods of evaluation was statistically significant (p < 0.05). Surface characterization showed that a deep and regular topography was provided by the laser conditioning, with a great quantity of oxygen ions when compared to the MS. The surface micro-topography analysis showed a statistical difference (p < 0.01) between the roughness of the LMS (R a = 1.38 ± 0.23 μm) when compared to that of the MS (R a = 0.33 ± 0.06 μm). Based on these results, it was possible to conclude that the LMS implants' physical-chemical properties increased bone-implant interaction when compared to the MS implants.
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Introduction
Oral rehabilitation by means of endosseous dental implants has gained importance in clinical practice. Local bone quality and systemic implications on the oral healing condition have a direct role in the success of dental implant therapy. 1, 2 In order to improve both quantity and quality of the bone-implant interface in face of adverse conditions, and to accelerate the osseointegration, numerous implant surface modifications have been used. 3 The surface characteristics of titanium implants have been modified by additive methods, such as titanium 4 and hydroxyapatite plasma spray, 5 as well as by subtractive methods, such as acid etching, 6 acid etching associated with sandblasting by either AlO 2 or TiO 2 , 7 and laser ablation. 3, 8, 9 The laser ablation technology for surfaces preparation already has numerous industrial applications. This process results in titanium surface microstructures with greatly increased hardness, corrosion resistance, a high degree of purity with a standard roughness and thicker oxide layer. 8, 10 Biological studies evaluating the role of titanium ablation topography and chemical properties showed the potential of the grooved surface to orientate osteoblast cell attachment and control the direction of ingrowth. [11] [12] [13] Based on the potential of this surface treatment to improve bone-implant interaction, the purpose of the present study was to evaluate the influence of laser surface modification on the retention of dental implants, when compared to that of machined implants.
Material and Methods

Implant surface preparation
Forty-eight commercially pure, titanium dental implants (Titanium Fix ® , AS Technology, São José dos Campos, SP, Brazil) were used in this study. The implants were 10 mm in length and 3.75 mm in outer diameter. Twenty-four implants were left machined (as received from the manufacturer), and served as controls (machined -MS). The remaining 24 implants had their surface modified by a laser ablation process (laser modified surface -LMS).
The implants were taken directly from the sterile package, without any additional preparation prior to laser treatment.
The laser treatment was carried out with 1,064 nm wavelength (λ) irradiation, at a pulse frequency of 20 to 35 kHz (ν), scanning speed ranging between 80 and 300 mm/s, scanning space from 0.1 to 0.2 mm/s, laser pulses interval between 300 ns, and energy from 90 to 100 mJ/pulse using a pulsed Nd:YAG laser (DigiLaser -DML-100, Violino 10; Laservall © , Sesto Calende, Valencia, Italy). After treatment, the implants were sent to the manufacturer (AS Technology, São José dos Campos, SP, Brazil) to be cleaned, sterilized and packaged.
Surface characterization
Topographic evaluation was performed under SEM (LEO 440 -Zeiss, Oberkochen, Germany) to compare the surface morphology of laser-treated versus machined implants. To evaluate the surfaces chemical composition, an energy dispersive analysis of X-ray spectroscopy (EDS -LEO 440, Zeiss, Oberkochen, Germany) was used.
The average roughness R a (the arithmetic mean of the sampling area roughness, measured in μm) of each surface was analyzed using a digital profilometer (Mitutoyo SJ-301, Mitutoyo Sul Americana Ltda., Suzano, SP, Brazil).
Animal selection
Twenty-four New Zealand white rabbits, 9 to 12 months old (3,500 to 4,500 g), were used in the study. The animals were kept in individual cages, fed with a standard laboratory diet, and given tap water ad libitum. The experiment was approved by the Animal Experimentation Committee, School of Dentistry of Araraquara, Araraquara, SP, Brazil.
Experimental design
A total of 48 implants (3.75 x 10 mm), 24 of each kind of surface treatment, were placed in the rabbit tibias (24 animals), and evaluated after 4, 8 and 12 weeks of healing.
Surgical procedures
The animals were anesthetized through intramuscular injection of a combination of ketamine (Ketamina Agener ® ; Agener União Ltda., São Pau-lo, SP, Brazil) (0.35 mg/kg of body weight) and xylazine (Rompum ® Bayer S.A. São Paulo, SP, Brazil) (0.5 mg/kg of body weight). The region of the tibial metaphysis was cleaned with iodine surgical soap. Incisions of approximately 3 cm in length were performed bilaterally on the internal side of the hind leg, just below the knee. After dissection, the bone surface of the tibial metaphysis was exposed. Bicortical implant beds were prepared using a progressive sequence of spiral drills under saline cooling. One implant (10 mm in length and 3.75 mm in diameter) of each kind of surface treatment was placed in each tibia near the knee joint. The soft tissues were sutured in separate layers and the animals received postoperatively a single intramuscular dose of antibiotic (Pentabiótico Pequeno Porte -Fort Dodge ® , Campinas, SP, Brazil) (0.1 ml/kg of body weight).
Removal torque test
The animals were killed according to the experimental periods (4, 8 and 12 weeks) with an intramuscular lethal dose of 30% chloral hydrate (2 ml/ kg). After implant exposure, a specially designed key was connected to both the implant and the manual torque gauge manometer (15-BTG, Tohnichi, Tokyo, Japan). An anti-clockwise movement was performed to remove the implant. The maximal torque value for breakage of bone-implant interaction was measured in Newton centimeters (N cm). No forces were applied in the vertical direction so as to avoid alterations in the data.
Statistical analysis
The values of the removal torque were parametric (tested by the Shapiro-Wilk test), and the analysis of the differences between the groups and the different experimental periods in the same group were tested by the ANOVA test, followed by the Bonferroni multiple comparison test (p < 0.05). The roughness analysis was evaluated by the t-test.
Results
Topographic (SEM) and chemical (EDS) evaluation
Scanning electron micrographs of the lasertreated and machined surfaces demonstrated microscopic differences in the surface topography. SEM surfaces are seen in Figures 1-4 . Laser etching created a deep and regular morphological pattern with small pores, while the machined treatment created the typical microscopically grooved and relatively smooth surface characteristic.
The surface micro-topography analysis showed a statistical difference (p < 0.01) between the roughness of the LMS (R a = 1.38 ± 0.23 μm) and that of the MS (R a = 0.33 ± 0.06 μm).
The EDS analysis showed no contamination on the machined implants, whereas the same condition was observed on the laser-treated implants; on the latter, the presence of a great amount of oxygen on the surface from the melting and fast cooling process that occurs after surface irradiation was also detected (Graphs 1-2).
Removal torque measurements
In general, the animals presented no disturbances in soft tissue healing or tibia fractures. The torque measurement yielded statistically significant differences between the machined and the laseretched group (p < 0.05) in all periods of evaluation. The mean and standard deviation of removal torque by group and time period of evaluation are summarized in Table 1 .
The highest removal torque corresponded to the laser modified implants, while the lowest was demonstrated by the machined implants (Graph 3).
Discussion
The resistance of implants to removal torque has been correlated with the degree of bone in contact with the implant by several studies, [14] [15] [16] which associated the changes in the biomechanical characteristics of the interface to the dynamics of bone healing and remodeling process. [17] [18] [19] [20] Although an histological analysis, as the "gold-standard" evaluation procedure for osseointegration, allows visualization of the bone-implant interface, undecalcified histology is able to provide just few sections of each specimen, usually no more than two, to be representative of the implant. Furthermore, an analysis by removal torque, even though in an indirect way, allows a three-dimensional evaluation of the bone-implant interface in the whole implant perimeter, and is considered in the literature as an important tool for the evaluation of the osseointegration process.
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The present study showed that the laser-treated group achieved higher removal torque values when compared to the machined control group. Moreover, the results suggest that the machined implants had a time-dependant anchorage, while the laser-treated implants had an acceleration of this process. Thus, it is possible that the stronger bone integration with laser grooved surfaces observed in the current study is not only due to a rougher surface, but may also be due to a more favorable surface chemistry than that of the machined surface.
Through the SEM analysis, it could be observed that the titanium laser ablation resulted in a very complex surface morphology, enlarging the boneimplant contact interface. The EDS showed that the laser ablation kept the surface purity with a great amount of oxygen, probably due to an increase in the thickness of the surface oxide layer, as already reported, 10, 25 favoring bone integration. The implant surface properties have a direct role in osteogenesis at the bone-implant interface, influencing a series of coordinated events, including protein adsorption, cell proliferation, and bone tissue deposition. [26] [27] [28] Some in-vivo and in-vitro experiments evaluated the biological comportment of laser modified implants. Soboyejo et al. 13 (2002) evaluating the cellular response of laser grooved titanium substrates observed that this surface orientated bone cells attachment and inhibited fibroblast growth and migration. Frenkel et al. 12 (2002) analyzed the effect of laser grooves in a chamber simulating an intramedullary bone response around joint implants and concluded that this surface treatment may induce rapid ingrowth and a strong bone-implant interface, contributing to implant longevity. The same was observed by Li et al. 29 (1997) by means of an histologic evaluation and a push-out test. They observed that the bone formation into the grooves increased the retention of the implants.
The removal torque values obtained in this study are consistent with the results from previous studies, which have shown a significant increase in bone retention of implants with laser surface modification. Karacs et al. 30 (2003) compared the removal torque of implants with machined, sand-blasted and sandblasted associated to laser ablation surfaces. They observed that the laser treatment after sand-blasting increased removal torque by almost 50%.
Hallgren et al. 9 (2003) , using a Nd:YAG laser, found a bone-implant contact percentage of 40% for the laser-modified implants and 32% for the machined ones. The removal torque test showed a mean value of 52 Ncm for the laser-treated implants and 35 Ncm for the machined implants after 12 weeks of healing. These values were similar to those observed in the present study (54.57 Ncm and 33.85 Ncm, respectively), using the same kind of laser. Similar comportment was found by Cho, Jung 3 (2003). They compared, by the removal torque test, the implants with machined and laser-modified surfaces after 8 weeks of implantation. The removal torque value was 23.58 ± 3.71 Ncm for the machined implants and 62.57 ± 10.44 Ncm for the la- ser-modified implants.
As observed and described by different studies, laser treatment seems to be a promising method for dental implant surface modification, producing a surface pattern with important properties for osseointegration, thus improving bone-implant retention, and resulting in a better and faster integration when compared to controls.
Conclusion
Within the limitations of the present study, the results show that the implants with surfaces modified by laser ablation produced a significant enhancement in removal torque when compared to the implants with machined surfaces. Further studies are required to evaluate the behavior of these implant surfaces in terms of osseointegration with a histomorphometric analysis.
